INTRODUCTION
Human cervical mucus has been shown to possess an antimicrobial activity and to be resolved, after electrophoresis, into six main components, which include lysozyme (Barton & Wiesner, 1945;  Pommerenke, 1946; Moghissi & Neuhaus, 1962; Schumacher, Strauss & Wied, 1965) . Rozansky, Persky & Bercovici (1962) suggested that the antimicrobial activity could be associated with lysozyme-like activity and Schumacher (1968) , using a semiquantitative micro method, showed that the concentration of lysozyme varied between 0-5 and 100 mg/100 ml cervical mucus.
The antimicrobial activity of bovine cervical mucus has received relatively little attention. Gibbons (1959) reported the presence of lysozyme activity on Micrococcus lysodeikticus in the native mucin of bovine cervical mucus, but he made no mention of any antimicrobial properties.
The presence of lysozyme in cattle has been disputed. Its complete absence has been reported in bovine leucocytes, tears, nasal exudates and saliva (Padgett & Hirsch, 1967) , though Chandan, Parry & Shahani (1968) detected very low levels in milk. Pierce (1959) , in a review of the specific antibodies found on mucus surfaces, suggested that they can provide a defence system in the bovine genital tract against the non-invasive, mucus-bound, infectious agents such as Trichomonas J. Brownlie and K. G. Hibbitt foetus. On the other hand, he considered that there may also be a non-specific local resistance. The results reported in this paper are an investigation into this non-specific property of bovine cervical mucus with special reference to lysozyme.
MATERIALS AND METHODS
Clear mucus was collected from the external os of the cervix of cows during oestrus, using a sterile speculum. (Lowry, Rosebrough, Farr & Randall, 1951 Shugar (1952) . A semiquantitative method was also used in which inhibition zones were measured around wells cut in poured plates containing a suspension of Micrococcus lysodeikticus in buffered noble agar (Schumacher & Wied, 1966) .
Electrophoresis of cervical mucus proteins
Disc electrophoresis. The heterogeneity of the isolated proteins was resolved by disc electrophoresis on polyacrylamide gels (Davis, 1964) Following electrophoresis, the presence of serum proteins in cervical mucus was determined by testing for the development of a precipitin pattern against a commercial preparation of rabbit anti-cow serum (Wellcome Reagents Ltd).
To find the position of lysozyme, purified egg white lysozyme (Worthington Biochemical Corporation, Freehold, N.J., U.S.A.), as well as the cervical mucus fractions, was run as outlined above, but the step with the antiserum was omitted. The slide was stained with 1 % Amido black in 7 % acetic acid.
Isoelectric focusing. Polyacrylamide gel isoelectric focusing was carried out in a disc electrophoresis apparatus as described by Wrigley (1968) . In these ex¬ periments, the pH 7 to 10 carrier ampholytes (L.K.B. Instruments Ltd) were used and were incorporated (2 %) into the polyacrylamide gel which contained riboflavine to assist polymerization in u.v. light. A 5 % NNN'N' tetramethylethylene-diamine solution was placed in the cathode chamber and a 5 % orthophosphoric acid solution in the anode chamber. A potential of 100 V was applied to eight gels (7-5 0-5 cm) for 6 hr at room temperature. The gels were stained in 0-2% brom-phenol blue stain which selectively stained the protein in the presence of carrier ampholytes (Awdeh, 1969) . Diagrammatic records were made since the faintly staining bands soon became decolourized.
The pH gradient in the gels was measured after electrophoresis and before staining. A representative gel in the electrophoresis experiment was cut into a series of 0-5-cm lengths, each section was broken up in 1 ml double glassdistilled water with a glass rod and allowed to stand for 1 hr at 4°C. The pH of the suspension was then observed, using a pH meter with minimum scale divisions of 0-02 (Pye Model 291, Pye Unicam Ltd, Cambridge, England).
RESULTS
The total soluble protein content of four bulk samples of native cervical mucus obtained from cows during oestrus varied between 0-8 and 1-2 mg/ml. The purification of these proteins on CM-cellulose columns resulted in the classi- (Text-fig. 3 ). The apparent absence of lysozyme in the cervical mucus-soluble proteins, indicated by this technique, was confirmed in the procedure described by Schumacher (1968) (Text-fig. 5d ). Electrophoresis of the anionic protein fraction on Text- fig. 4 . Polyacrylamide disc electrophoresis of the cationic fraction from bovine cervical mucus.
agarose at pH 8-6 separated only one protein completely (Text- fig. 5a ) which moved towards the anode. Comparing it with the electrophoresis pattern for whole bovine serum (Text- fig. 5b ), this coincided with the position of albumin.
Immunoelectrophoresis. The presence of serum proteins in cervical mucus was investigated further by immunoelectrophoresis studies using rabbit anti-cow serum. mucus proteins on polyacrylamide gels containing an ampholine pH range from 7 to 10 is shown in Text- fig. 8 . Most of the proteins separated had isoelectric points between pH 7-0 and 8-6. It is noteworthy that one fraction focused at pH 9-2 which was possibly the very basic fraction observed in the agarose electrophoresis studies described above (Text- fig. 5c ).
Text- fig. 8 . Polyacrylamide disc isoelectric focusing of the cationic fraction from bovine cervical mucus.
DISCUSSION
The presence of non-specific antimicrobial factors in cervical mucus is relevant to a fuller understanding of the causes of infertility. In human cervical mucus, lysozyme has been shown to be present and is responsible for anti-staphylococcal activity (Barton & Weisner, 1945 ) and anti-streptococcal activity (Pommerenke, 1946 (Padgett & Hirsch, 1967) and bovine milk cells (Hibbitt, Brownlie & Cole, 1971 ). The levels of lysozyme reported to be present in bovine cervical mucus by Gibbons (1959) have not been confirmed in this study. The assay of the isolated fractions from the cervical mucus showed that only the cationic proteins had any marked antimicrobial activity against Staphylococ-J. Brownlie and K. G. Hibbitt cus S305; and as little as 10 to 15 /ig protein were necessary to produce a 50% inhibition of growth.
With the brucella assay, the Bruceila abortus S19 was the most convenient strain of organism to use in our laboratory because of its modified virulence. There are, however, several reports of S19 causing abortion in adult cattle, following vaccination with the S19 organism (Haring, 1938; Birch, Gilman & Stone, 1943; McDiarmid, 1951) . The inhibition of Brucella abortus S19, re¬ ported in this work, may be relevant clinically since the spread of brucellosis from infected bulls to susceptible cows by natural infection has not been demonstrated (Thomsen, 1943) . However, artificial intrauterine insemination with brucella-infected semen will transmit brucellosis (Manthei, DeTray & Goode, 1950) . The barrier to infection would appear to be the cervix where, in the absence of specific locally-produced antibodies (Kerr, Pearson & Rankin, 1958) , non-specific factors must be responsible.
The resolution of the cationic proteins by electrophoresis showed that several basic proteins were present and the isoelectric focusing of these proteins de¬ monstrated that most of their isoelectric points were between 7 and 8-6, with the exception of a single band focusing at 9-2. This component developed as a faint band (Text- fig. 7 ) and appears to be a cervical mucus component rather than a serum one, but it is not as basic as lysozyme which Alderton, Ward & Fevold (1945) indicated has an isoelectric point between 10-5 and 11-0. The presence of serum proteins in the soluble protein fractions of cervical mucus was not surprising since Moghissi & Neuhaus (1962) , in their immunoelectrophoretic studies on human cervical mucus, also detected albumin and ß-and y-globulins. The work in this paper suggests that non-serum anti¬ microbial basic proteins may be responsible for providing an initial line of defence for the uterus from invasion by pathogenic micro-organisms.
